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Abstract
Background: increasing numbers of older adults are living with frailty and its adverse consequences. We investigated rela-
tionships between diet quality or patterns and incident physical frailty in older British men and whether any associations
were influenced by inflammation.
Methods: prospective study of 945 men from the British Regional Heart Study aged 70–92 years with no prevalent frailty.
Incident frailty was assessed by questionnaire after 3 years of follow-up. Frailty was defined as having at least three of: low
grip strength, low physical activity, slow walking speed, unintentional weight loss and feeling of low energy, all based on self-
report. The Healthy Diet Indicator (HDI) based on WHO dietary guidelines and the Elderly Dietary Index (EDI) based on a
Mediterranean-style dietary intake were computed from questionnaire data and three dietary patterns were identified using
principal components analysis: prudent, high fat/low fibre and high sugar.
Results: men in the highest EDI category and those who followed a prudent diet were less likely to become frail [top vs
bottom category odds ratio (OR) (95% CI) 0.49 (0.30, 0.82) and 0.53 (0.30, 0.92) respectively] after adjustment for potential
confounders including BMI and prevalent cardiovascular disease. No significant association was seen for the HDI. By con-
trast those who had a high fat low fibre diet pattern were more likely to become frail [OR (95% CI) 2.54 (1.46, 4.40)].
These associations were not mediated by C-reactive protein (marker of inflammation).
Conclusions: the findings suggest adherence to a Mediterranean–style diet is associated with reduced risk of developing
frailty in older people.
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Key points
• Healthier dietary intake was associated with lower risk of frailty 3 years later
• This was not explained by inflammation (C-reactive protein) and suggests other mechanisms operating
• Encouraging older adults to adhere to the guidelines based on a Mediterranean–style diet may prevent or delay frailty
onset
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Introduction
Frailty is a distinctive health state related to the ageing pro-
cess and represents a vulnerability to adverse health out-
comes after an apparently minor event, which provides a
health challenge [1]. One of the most common approaches
to conceptualising frailty is by using the Fried frailty pheno-
type model which defines frailty as the presence of at least
three of five physical characteristics; slow walking speed,
low grip strength, low physical activity (PA) levels, exhaus-
tion and unintentional weight loss [2]. In the UK, 7% in
community-dwelling men aged 65 years are reported to be
frail [3]. Frailty prevalence increases with age [4] and is
associated with increased mortality [4], hospitalisation [5]
and disability [6]. Older adults transition frequently between
frailty states over time [7] and physical frailty has the poten-
tial to be treated or prevented, improving quality of life and
reducing healthcare costs [8]. While insufficient food intake
may be related to frailty in a proportion of cases, the picture
is complicated by the fact that frailty also occurs with obes-
ity [9], and diets in overweight or obese older people may
be energy dense but low in micronutrients [10]. However,
diet composition beyond intake of calories is suspected to
influence frailty [11]. Interest in diet and chronic disease
has shifted in recent years from specific nutrients to overall
diet quality and patterns measured using either a priori
approaches, which use predefined dietary scores based on
dietary guidelines, or a posteriori approaches, in which pat-
terns are derived from the data, for example using principal
component or cluster analysis. Few cohort studies have
explored relationships with frailty and findings are varied;
some suggest that better diet quality or healthier patterns
reduce the risk of frailty [12, 13] while others are inconclu-
sive [14]. The age-related increases in chronic low-grade
inflammation have also been hypothesised to play a role in
frailty; inflammatory markers such as C-reactive protein
(CRP) and interleukin-6) have shown to be higher in people
who are frail [15]. None of the cohort studies on diet qual-
ity and frailty we identified, or any of the trials reviewed by
Puts et al., [8] was based in the UK. The cohort studies
investigated populations in Spain, Italy, Germany, Hong
Kong and the USA, countries likely to have markedly dif-
fering dietary patterns. Despite limited information on food
and nutrient intake in older adults in the UK, there are con-
cerns about levels of some micro- and macronutrients in
the diet [16, 17]. We have previously shown in a study of
British men that healthier eating patterns at age 58–79 years
was associated with lower odds of mobility limitation 15
years later which specifically assesses locomotor disability or
lower extremity disability [18]. Although frailty and disability
are closely related and often co-exist they are considered
distinct clinical entities [19]. Disability reflects dependency
while frailty reflects a state of vulnerability to adverse out-
comes in older people. Frailty can exist without the pres-
ence of multimorbidity and disability [1, 19] and is a
progressive condition that begins with a preclinical stage
thus offering opportunities for early prevention [1]. The
aim of this study was to therefore investigate whether
healthier eating patterns in this older cohort of men when
aged 70–92 years, indicated by pre-existing diet quality
scores, or a posteriori dietary patterns were associated with a
lower risk of frailty, and whether any associations were
influenced by inflammation, as indicated by CRP level.
Methods
Sample
The British Regional Heart Study follows 7,735 men
recruited from primary care practices in 24 British towns in
1978–80. This analysis uses baseline data from 2010 to
2012 when 3,137 survivors were asked to complete a gen-
eral lifestyle questionnaire and a food frequency question-
naire (FFQ) and were invited to a physical examination and
follow-up data from 2014 collected by questionnaire. Men
reporting heart failure at baseline were excluded. The
National Research Ethics Service (NRES) Committee
London provided ethical approval. Participants provided
informed written consent to the investigation in accordance
with the Declaration of Helsinki.
Dietary assessment/patterns
We examined diet quality using (i) two a priori predefined
diet quality scores (the Healthy Diet Indicator (HDI) and
the Elderly Dietary Index (EDI)) based on recommended
diets or dietary guidelines and (ii) an a posteriori exploratory
approach to derive dietary patterns. Dietary intake was mea-
sured using a self-administered FFQ used as described pre-
viously in this cohort and we derived the HDI and EDI
scores with slight modifications [20]. The FFQ has been
validated in the British population against weighed food
intake [21]. Briefly, the HDI consists of nine components
made up of food groups and nutrients based on WHO
nutrient intake guidelines (saturated fatty acids, polyunsatur-
ated fatty acids, protein, carbohydrates, sugar, fibre, choles-
terol, pulses/nuts/seeds, and fruit/vegetables), each scoring
1 if the dietary guideline was met and zero otherwise. We
omitted pulses/nuts/seeds from the HDI because we did
not have data for this component, resulting in a total score
range from 0 to 8. The EDI as a marker of a
Mediterranean-style diet [22], consists of nine food compo-
nents (meat, fish and seafood, legumes, fruit, vegetables,
cereals, bread, olive oil and dairy), each assigned 1-4-points
with four points being assigned to the most healthy con-
sumption frequency (not necessarily the highest frequency).
The total score range for the EDI was 9–36. Higher scores
on both the HDI and EDI indicated a healthier diet. We
aggregated the 86 items from the FFQ into 34 food groups
[23] on which we conducted principal component analysis
using orthogonal varimax rotation to identify dietary pat-
terns. Food groups with a factor loading of >0·20 or <
−0·20 were considered to be important contributors to the
dietary pattern and the participant’s score was calculated by
summing the food group intakes, each weighted by their
T. J. Parsons et al.
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factor loading. Three principal components were retained,
with higher scores indicating higher adherence to the pat-
tern [23]. Total energy intake was estimated using a com-
puter program based on the UK food composition
tables [24] which assumed standard portion sizes.
Frailty
At baseline frailty was based on the five components of the
Fried phenotype; (i) unintentional weight loss defined as
≥5% decrease in self- reported weight from 2007 with the
loss being reported as unintentional; (ii) weakness defined
as being in the lowest quintile for grip strength; (iii) low
physical activity defined as being inactive based on a score
derived from questionnaire data [25]; (iv) exhaustion
defined as reporting not feeling full of energy; and (v) slow
walking speed defined as being in the lowest quintile of
measured walking speed. Men meeting the frailty criteria on
at least three components were defined as frail. At follow-
up frailty status was based on subjective measures of frailty
components collected by questionnaire, found to be as pre-
dictive of disability, falls and death as objective measures in
our study [26]. Low grip strength was defined as a self-
rating of fair or poor compared to other people the same
age, slow walking speed a self-rating of slow walking pace
and weight loss based on self-reported weight loss in the
last 4 years [27].
Covariates
Social class was based on longest held occupation at study
entry (1978–80) and categorised using the Registrar
General’s Social Class Classification (I, II III non-manual,
III manual, IV and V). We collapsed these into two categor-
ies, manual and non-manual. Prevalent cardiovascular dis-
ease (diagnosis of heart attack, heart failure, or stroke (with
symptoms lasting >24 h), smoking and alcohol consump-
tion were reported by self-complete questionnaire. Region
of residence (1978–80) was grouped into Scotland, North,
Midlands and South of England. Body mass index (BMI,
kg/m2) was calculated from measured height (Harpenden
stadiometer) and weight in light indoor clothing (Tanita
BC-418 or Tanita scales if the participant had a pacemaker
or defibrillator). Fasting venous blood samples were ana-
lysed for CRP (mg/L) using ultrasensitive assay on an auto-
mated clinically validated analyser (e411; Roche, Burgess
Hill, UK) using the manufacturer’s calibrators and controls
(coefficient of variation 6.9%).
Statistical analyses
Demographic and anthropometric characteristics were cal-
culated by frailty at baseline, and we used logistic regression
models to investigate associations between dietary quality or
pattern at baseline and frailty at follow-up after excluding
men who were frail at baseline. The HDI and EDI scores
were analysed as four groups of as equal size as possible;
for the EDI score 9–22, 23–24, 25–26, 27–36 and for the
HDI score 0–1, 2, 3, 4–8. The dietary patterns were classi-
fied as quartiles. P-values for a trend were calculated by
entering dietary categories or quartiles into the regression
model as a continuous variable. All models were adjusted
for age, social class, region of residence, cardiovascular dis-
ease, smoking, alcohol consumption, and energy intake.
Results
At baseline of 3,137 men invited, 1,722 attended the phys-
ical examination, of whom 36 were excluded due to heart
failure. One thousand, six hundred and sixty men provided
data for frailty, 17% of whom were identified as being frail.
Compared with men who were not frail, frail men were old-
er, consumed less alcohol, had a higher mean BMI and
were more likely to be of manual social class, report CVD
and be long-term ex-smokers (Table 1). Three dietary pat-
terns were identified using PCA; (i) a prudent dietary pat-
tern high in poultry, fish, vegetables, legumes, pasta and
rice, and eggs, (ii) a high fat/low fibre pattern and (iii) a
high sugar pattern [21].
At follow-up, a maximum of 945 men provided com-
plete data on covariates (for the EDI exposure, slightly less
for the HDI and dietary patterns), 181 of whom were frail.
Men who were not frail at baseline but did not provide
frailty data at follow-up were slightly older at baseline, more
likely to be of manual social class or report CVD, and had
a slightly higher energy intake than men who contributed
data at follow-up, but there was no difference in smoking,
alcohol or BMI (Table Appendix 1). Men with greater
adherence to the EDI at baseline were less likely to be frail
at follow-up (top vs bottom category OR 0.49, 95% CI
0.30, 0.80), as were men with a greater adherence to the
prudent dietary pattern (top vs bottom quartiles OR 0.57,
95% CI 0.33, 0.99), whilst men with a greater adherence to
the high fat/low fibre pattern were more likely to be frail
(top vs bottom quartile 2.55 (95% CI 1.48, 4.37)) (Table 2,
model 1). No associations were seen for the HDI or high
sugar pattern. Adjustment for BMI made minor differences
to the findings (Model 2). Adjusting for CRP slightly atte-
nuated the association between the high fat/low fibre pat-
tern and frailty (Table 2, model 3) but the association
remained significant.
Discussion
In this study of older community-dwelling British men, we
observed that a healthier diet at baseline, as indicated by the
EDI, prudent pattern or high fat/low fibre pattern was
associated with a lower odds of being physically frail at
follow-up, although we found no associations for the HDI
or high sugar pattern. Very few studies have examined the
associations of overall dietary quality or patterns (rather
than single nutrients) with frailty in community-dwelling
adults. Four out of five observational studies investigated
the Mediterranean Diet Score (MDS), two studies in
Mediterranean countries (Italy and Spain), [13, 28] the
Physical frailty and diet in older men
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Table 1. Characteristics of 1,660 British men by frailty groups
Characteristic Not Frail (n = 1,375)a Frail (n = 285)a P N
Age (years) 77.9 (4.3) 80.5 (5.4) <0.0001 1,660
Manual social class,% 45.5 52.8 0.03 1,612
CVD, % 13.8 22.1 <0.0001 1,660
Smoker (current/recent), % 7.9 8.1
Smoker (long term ex), % 52.6 61.1
Smoker (never), % 39.4 30.9 0.02 1,649
Alcohol (units per week) 6.4 (7.6) 4.9 (7.1) 0.002 1,617
Energy Intake (kcal/day) 1,972 (507) 1,947 (536) 0.5 1,542
BMI (kg/m2) 27.0 (3.6) 27.7 (4.5) 0.004 1,642
CRP (mg/l)b 1.2 (3.2) 1.9 (3.6) <0.0001 1,546
Figures are mean (SD) unless stated otherwise. Frailty based on meeting at least three of five criteria: unintentional weight loss, lowest quintile for grip strength,
low physical activity, exhaustion.
Pearson Chi-square test was used for all categorical variables.
aMaximum N in category, varies slightly with missing covariate data.
bGeometric means given due to skewed data.
CVD, cardiovascular disease; BMI, body mass index; CRP, C-reactive protein.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Table 2. Prospective associations between dietary quality or patterns at baseline and frailty at follow-up, OR and 95% CI
Model 1 Model 2 Model 3
Cases OR (95% CI) OR (95% CI) OR (95% CI)
EDI categories
Score 9–22 48 1.00 1.00 1.00
Score 23–24 45 0.90 (0.55,1.47) 0.85 (0.52, 1.4) 0.99 (0.59, 1.65)
Score 25–26 49 0.66 (0.41,1.07) 0.61 (0.37, 0.98) 0.55 (0.33, 0.94)
Score 27–28 39 0.49 (0.30,0.80) 0.49 (0.30, 0.82) 0.51 (0.30, 0.88)
n = 945 P = 0.002 n = 940 P = 0.002 n = 883 P = 0.003
HDI categories
Score 0–1 30 1.00 1.00 1.00
Score 2 41 1.00 (0.57,1.74) 1.02 (0.58, 1.8) 0.88 (0.48, 1.62)
Score 3 41 0.83 (0.48,1.45) 0.88 (0.5, 1.54) 0.94 (0.52, 1.69)
Score 4–8 37 0.65 (0.37,1.15) 0.71 (0.40, 1.27) 0.73 (0.39, 1.35)
n = 801 P = 0.08 n = 796 P = 0.171 n = 748 P = 0.361
Prudent dietary pattern quartiles
1 57 1.00 1.00 1.00
2 52 0.89 (0.56,1.40) 0.86 (0.54, 1.37) 0.87 (0.53, 1.43)
3 31 0.44 (0.26,0.74) 0.43 (0.25, 0.73) 0.48 (0.27, 0.83)
4 35 0.57 (0.33,0.99) 0.53 (0.30, 0.92) 0.47 (0.26, 0.85)
n = 924 0.007 n = 919 P = 0.003 n = 862 P = 0.003
High fat/low fibre pattern quartiles
1 34 1.00 1.00 1.00
2 42 1.34 (0.80,2.22) 1.35 (0.80, 2.28) 1.12 (0.65, 1.94)
3 42 1.65 (0.98,2.79) 1.62 (0.95, 2.77) 1.23 (0.70, 2.16)
4 57 2.55 (1.48,4.37) 2.54 (1.46, 4.4) 2.05 (1.15, 3.62)
n = 924 0.001 n = 919 P = 0.001 n = 862 P = 0.015
High sugar pattern quartiles
1 44 1.00 1.00 1.00
2 51 0.95 (0.58,1.56) 0.99 (0.60, 1.63) 1.14 (0.67, 1.95)
3 41 0.72 (0.42,1.25) 0.78 (0.45, 1.36) 0.80 (0.44, 1.45)
4 39 0.61 (0.32,1.16) 0.67 (0.35, 1.28) 0.64 (0.32, 1.3)
n = 924 P = 0.09 n = 919 P = 0.158 n = 862 P = 0.123
Bold type indicates significance at the 5% level, difference from lowest category/first quartile.
P-values given for trend.
EDI, Elderly Dietary Index; HDI, Healthy Diet Indicator.
Model 1: adjusted for age, social class, region of residence, smoking, alcohol consumption, cardiovascular disease, energy intake. Model 2: adjusted as for model
1 + BMI. Model 3: adjusted as for model 2 plus CRP.
T. J. Parsons et al.
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others in Germany [12] and Hong Kong [14]. A higher
MDS score was associated with a lower risk of frailty,
cross-sectionally in Germany [12] and longitudinally over 3
years in Spain [13] and 6 years in Italy [28]. In Hong Kong,
however, the MDS was not associated with frailty, although
a higher score on the Diet Quality Index–International,
another a priori diet quality measure was associated with a
lower risk of frailty [14]. In the USA, a higher score on the
Diet Quality Index–Revised was related to a lower risk of
frailty in men [29]. The UK has been shown to have a low
adherence to a Mediterranean diet [30] and we therefore
used the EDI, which has similarities to the MDS but was
developed specifically for older adults, [22] and higher EDI
scores have been associated with lower risks of all-cause,
CVD mortality and mobility limitation in this cohort previ-
ously [18, 20]. A posteriori dietary patterns have been little
explored; in Spain Leon-Munoz et al. found that a ‘prudent’
dietary pattern was associated with a lower risk of frailty
but a ‘Westernized’ pattern showed no association, [31]
whilst in Hong Kong, Chan et al. found none of the three
patterns identified in their data, ‘vegetables-fruits’, ‘snacks-
drinks-milk products’ and ‘meat-fish’ were associated with
frailty [15]. To the best of our knowledge, this is the first
study in the UK to investigate associations between diet
quality or patterns and frailty.
Despite the men in our study being generally low consu-
mers of foods in the Mediterranean diet; 90% of men
scored ≤28 points on the EDI compared with 41% of
adults in Kourlaba et al.’s study [22], we found a healthier
diet as indicated by the EDI was associated with a lower
risk of frailty. Dietary quality has been suggested to influ-
ence frailty by a number of mechanisms. In particular, the
higher levels of antioxidants in a Mediterranean type diet
may ameliorate the oxidative stress associated with frailty,
and/or the lower levels of inflammatory markers are asso-
ciated with a Mediterranean diet whilst higher levels are
associated with frailty. We were able to examine whether
associations might be mediated via inflammation (by adjust-
ing for CRP) but this did not seem to be the case in our
study.
The lack of association between the HDI and incident
frailty may be explained by the fact that specific food/food
groups, as used in the EDI, are simpler to measure and less
prone to measurement error compared with generating total
dietary macro- and micronutrient intakes required for the
HDI, which assumes standard portion sizes of foods con-
sumed and relies on having a food composition database
that is complete and current [32]
Our study sample is large and data were collected pro-
spectively. Men who were less healthy were less likely to
attend the follow-up for this study but this would likely
mean our results are conservative. Our frailty outcome meas-
ure was based on self-reported measures of frailty compo-
nents, as opposed to the baseline measure of frailty, which
included objective measures of grip strength and walking
speed. It is possible that our self-reported outcome measures
underestimated the incidence of frailty. Nevertheless, we
have shown that this frailty measure is robust and is just as
predictive of known adverse outcomes of frailty (disability,
falls, mortality) as frailty measures comprising objective com-
ponents [26]. We measured diet using a previously validated
FFQ which while less demanding than weighed intakes or
diaries may be subject to increased non-response in older
people. A posteriori dietary patterns have the advantage in
being data-driven rather than based on previous assump-
tions, but the method does involve subjective decisions such
as in grouping of dietary variables and identifying compo-
nents to retain. The men in our study are almost exclusively
white European and therefore findings may not be generalis-
able to women, who show higher frailty prevalence than men
[1] or other ethnic groups.
Conclusions
In summary, we found a higher EDI score or greater
adherence to a prudent dietary pattern was associated with
a lower risk of frailty after 3 years of follow-up, while a
higher adherence to a high fat/low fibre pattern was asso-
ciated with a higher risk of frailty. Thus even in older men
with a relatively low consumption of foods emphasised by
the EDI (and Mediterranean diet), eating more of these
foods may be important for the prevention or delay of
onset of frailty. Further prospective studies are required to
further understand the role of nutrition in the prevention
of frailty and identifying macronutrients and micronutrients
associated with frailty.
Supplementary Data mentioned in the text are available
to subscribers in Age and Ageing online.
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